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(54) PERMANENT MAGNET TYPE ELECTRIC ROTATING MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a permanent 
magnet type electric rotating machine in which the 
motor efficiency can be enhanced while reducing cogging 
torque. 

SOLUTION: A relation of 01<0<02 is set among the angle 
0 formed between the center of rotation S and the 
opposite ends of each permanent magnet 9 where the 
inter-pole width is narrowest, the angle 61 formed by the 
center of rotation S and the opposite ends at the slot 
opening part of a stator core 2 on the side facing a rotor 
6, and the angle 02 formed by the center of rotation S 
and the opposite ends at the tees part of the stator 
core 2 facing a rotor 6 through a gap 5. Since torque is 
enhanced, motor efficiency can be enhanced while 
reducing cogging torque. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 



http://www1 9.ipdl.inpit.go jp/PA1 /result/detail/main/wAAA1 HaarNDA41 2333391 ... 2007/05/07 



Searching PAJ 2/2 V 

of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 
[Date of extinction of right] 



http://www1 9.ipdl.inpit.go jp/PA1 /result/detail/main/wAAA1 HaarNDA41 233339 1 ... 2007/05/07 



JP,2000 T 333391 t A [CLAIMS] 



1/1 "<-V 



* NOTICES * 

JPO and INPtT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The stator which has the stator winding wound around the stator core and this stator 
core, In the permanent magnet type dynamo-electric machine which carries out the rotation 
drive of said rotator by having a gap in this stator core, countering it, and two or more 
permanent magnets' equipping a hoop direction with the rotator which has the rotor core by 
which arrangement built-in was carried out, and energizing to said stator winding The include 
angle formed in the both ends and the center of rotation of the narrowest width-of-face section 
between the magnetic poles of each of said permanent magnet theta, When the include angle 
formed in the both ends and the center of rotation of the part which has countered said rotator 
through said gap in theta 1 and the teeth section of said stator core in the include angle formed 
in the both ends and the center of rotation of the side which has countered said rotator of slot 
opening of said stator core is set to theta 2, The permanent magnet type dynamo-electric 
machine characterized by being theta 1 <= theta<=theta 2. 

[Claim 2] The stator which has the stator winding wound around the stator core and this stator 
core, Have a gap in this stator core, counter it, and two or more permanent magnets equip a 
hoop direction with the rotator which has the rotor core by which arrangement built-in was 
carried out. In the dynamo-electric machine which the ratio of the number of slots of said stator 
and the pole of said rotator is [ dynamo-electric machine ] 3:1, and carries out the rotation drive 
of said rotator by energizing to said stator winding The include angle formed in the both ends 
and the center of rotation of the narrowest width-of-face section between the magnetic poles 
of each of said permanent magnet theta, When the include angle formed in the both ends and the 
center of rotation of the part which has countered said rotator through said gap in theta 1 and 
the teeth section of said stator core in the include angle formed in the both ends and the center 
of rotation of the side which has countered said rotator of slot opening of said stator core is set 
to theta 2, The permanent magnet type dynamo-electric machine characterized by being thetal 
<= theta<=theta 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the permanent magnet type dynamo-electric 
machine with which two or more permanent magnets are embedded in the rotor core. 
[0002] 

[Description of the Prior Art] The width of face between each magnetic pole of two or more 
permanent magnets with which this kind generally adopted conventionally of permanent magnet 
type dynamo-electric machine is embedded in the rotor core is narrow. This is for the periphery 
side of a permanent magnet to enlarge each permanent magnet as much as possible, and to 
enlarge torque by main magnetic flux in a radii-like permanent magnet. 

[0003] About the permanent magnet type dynamo-electric machine with which two or more 
permanent magnets with which the periphery side was formed in the shape of radii are embedded 
in the rotor core, there are some which made larger than the thickness dimension of the rotor 
core which intervenes between a rotor core peripheral face and a permanent magnet peripheral 
face the thickness dimension of the rotor core which intervenes between each permanent 
magnet contiguous to a hoop direction as indicated by JP f 9-247880,A. Thereby, the sum of the 
main-magnetic-flux torque and reluctance torque by the permanent magnet is enlarged, and the 
motor efficiency is raised. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it found out by experiment etc. that the 
main-magnetic-flux torque and reluctance torque by the permanent magnet had the trouble that 
the cogging torque (pulsation of the torque produced when rotating a rotator at the time of no- 
load) from which the effectiveness of reluctance torque is small, and causes noise depending on 
the configuration becomes large, with regards to a stator-core configuration. 
[0005] The purpose of this invention is to offer the permanent magnet type dynamo-electric 
machine which it can be made in view of the above point, and the effectiveness of a motor can 
be raised, and can aim at reduction of cogging torque. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the place by 
which it is characterized [ of the permanent magnet type dynamo-electric machine in this 
invention ] The include angle formed in the both ends and the center of rotation of the 
narrowest width-of-face section between the magnetic poles of each permanent magnet theta, 
When the include angle formed in the both ends and the center of rotation of the part which has 
countered the rotator through a gap in theta 1 and the teeth section of a stator core in the 
include angle formed in the both ends and the center of rotation of the side which has countered 
the rotator of slot opening of a stator core is set to theta 2, It is in considering as theta 1 <= 
theta<=theta 2. 

[0007] Specifically, this invention offers the dynamo-electric machine hung up over a degree. 
[0008] The stator which has the stator winding by which this invention was wound around the 
stator core and this stator core, In the permanent magnet type dynamo-electric machine which 
carries out the rotation drive of said rotator by having a gap in this stator core, countering it, 
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and two or more permanent magnets' equipping a hoop direction with the rotator which has the 
rotor core by which arrangement built-in was carried out, and energizing to said stator winding 
The include angle formed in the both ends and the center of rotation of the narrowest width-of- 
face section between the magnetic poles of each of said permanent magnet theta, When the 
include angle formed in the both ends and the center of rotation of the part which has countered 
said rotator through said gap in theta 1 and the teeth section of said stator core in the include 
angle formed in the both ends and the center of rotation of the side which has countered said 
rotator of slot opening of said stator core is set to theta 2, The permanent magnet type 
dynamo-electric machine characterized by being theta 1 <= theta<=theta 2 is offered. 
[0009] Moreover, the stator which has the stator winding by which this invention was wound 
around the stator core and this stator core, Have a gap in this stator core, counter it, and two or 
more permanent magnets equip a hoop direction with the rotator which has the rotor core by 
which arrangement built-in was carried out. In the dynamo-electric machine which the ratio of 
the number of slots of said stator and the pole of said rotator is [ dynamo-electric machine ] 3:1, 
and carries out the rotation drive of said rotator by energizing to said stator winding The include 
angle formed in the both ends and the center of rotation of the narrowest width-of-face section 
between the magnetic poles of each of said permanent magnet theta, When the include angle 
formed in the both ends and the center of rotation of the part which has countered said rotator 
through said gap in theta 1 and the teeth section of said stator core in the include angle formed 
in the both ends and the center of rotation of the side which has countered said rotator of slot 
opening of said stator core is set to theta 2, The permanent magnet type dynamo-electric 
machine characterized by being thetal <= theta<=theta 2 is offered. 
[0010] 

[Embodiment of the Invention] Hereafter, the permanent magnet type dynamo-electric machine 
concerning the example of a gestalt of operation of this invention is explained using drawing. 
[001 1] Drawing 1 shows the cross section of the direction of a revolving shaft of the permanent 
magnet type dynamo-electric machine concerning the example of a gestalt of operation of the 
first of this invention, and drawing 2 shows the A-A 1 cross section of drawing 1 . In the example 
of a gestalt of this operation, the number of slots shows the permanent magnet type dynamo- 
electric machine 4 and whose motor output 12 and a pole are 1kW. 

[0012] The number of slots of a permanent magnet type dynamo-electric machine turns into a 
multiple of 3, when driving by the three-phase alternating current, and a pole turns into a 
multiple of 2. However, if there are many slots, since a wrap insulating material increases, the 
high frequency component of the inverter output current will leakage-come to be easy of a 
stator winding 3 to a ground, and it will have a bad influence on a power-source side. Therefore, 
it is desirable for the number of slots of each pole and each phase to be [ for a ratio with 1, i.e., 
the number of slots, and a pole ] 3:1. 

[0013] In the dynamo-electric machine whose motor output is about 1kW, every pole and the 
number of slots of **** are usually one to about two. Therefore, the number of slots is set to 1 2 
or 24 by the pole in the motor of 4. 

[0014] The permanent magnet type dynamo-electric machine consists of a stator 1 and a 
rotator 6 arranged free [ rotation inside this stator 1 ]. A stator 1 equips the inner circumference 
side of a frame 1 2 with the stator core 2 which carried out laminating formation, and in the 
stator slot 1 5 of a stator core 2, a stator winding 3 is wound around it and it is constituted. 
[0015] The rotator 6 mainly consists of a rotor core 8, a permanent magnet 9, and a revolving 
shaft 10. That is, after constituting from what has the punching hole 7 for the rotor core 8 which 
carried out laminating formation, and end plate iron core material 8a and 8b prepared in the both 
ends which do not have the punching hole 7 and embedding a permanent magnet 9 in the 
punching hole 7, a rotor core 8 and end plates 8a and 8b are fixed by a rivet etc. (not shown), 
and a revolving shaft 1 0 is inserted after that and it is constituted. 

[0016] The bearings 11a and 11b which fitted into the both-ends side of a revolving shaft 10 are 
supported with end brackets 4a and 4b, and the rotator 6 is formed so that it may rotate through 
the inner skin of a stator 1, and the predetermined gap 5. 

[0017] Moreover, the rotator 6 is formed especially as follows. The include angle formed in the 
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both ends and the center of rotation S of the narrowest width-of-face section between the 
magnetic poles of each permanent magnet 9 Namely, theta, It is the include angle formed in the 
both ends of the side which has countered the rotator 6 of slot opening of a stator core 2, the 
both ends of the part which has countered the rotator 6 through a gap 5 in theta 1 and teeth 
section 2a of a stator core 2 in the include angle formed in the center of rotation S, and the 
center of rotation S theta 2 (however) 0 — < — theta 1 — and — Semienclosed slot which is 
thetal <=theta2 ** — when it carries out, it is formed so that thetal <= theta<=theta 2 may be 
filled. In drawing 2 , thetal and theta2 become the value with which the number of slots fills 
thetal +theta2=360 / 12= 30 degrees since a circle round is 360 degrees in the dynamo-electric 
machine of 12. 

[0018] If theta 1 is small, insertion of the coil from slot opening by the winding machine will 
become difficult. If theta 2 is small, the amount of magnetic flux which interlinks an armature 
winding through teeth section 2a among the magnetic flux generated with a permanent magnet 
will become less, and induced electromotive force will decline, as a result a motor property will 
fall. If productivity and a motor property are taken into consideration, two to about four are 
suitable for the value of theta2/theta1. By drawing 2 , the value of theta2/theta1 shows the 
case of 3.5. 

[0019] Drawing 3 shows the cross section of the permanent magnet type dynamo-electric 
machine which is an example of a comparison with the permanent magnet type dynamo-electric 
machine of drawing 2 . In drawing 3 , although the basic configuration of a permanent magnet 
type dynamo-electric machine is the same as drawing 2 , the width of face between the 
magnetic poles of a permanent magnet 9 is narrow, and the include angle theta formed in the 
both ends and the center of rotation of the narrowest width-of-face section between the 
magnetic poles of a permanent magnet 9 has become 1.8 degrees. 

[0020] Next, an electrical angle explains [ as opposed to / dynamo-electric machine / of the 
example of a comparison shown in the permanent magnet type dynamo-electric machine formed 
like drawing 2 , and drawing 3 / permanent magnet type / the nominal speed of a permanent 
magnet type dynamo-electric machine, the rated current, and current phase induced 
electromotive force ] the experimental result of the torque characteristic in operation of 20- 
degree progress. 

[0021] When the value of theta of drawing 3 is set as drawing 4 to 30 degrees in 5-degree [ 5 
degrees to ] pitch, the experimental result of the torque characteristic of a permanent magnet 
type dynamo-electric machine is shown. The torque at this time is the direct-current torque (a 
rippled part is not included) when linking with each motor directly through coupling at load 
equipment, and passing the rated current to a stator winding 3. Torque is measured with a torque 
detector. The torque of a permanent magnet type dynamo-electric machine serves as the sum 
of the main-magnetic-flux torque by the permanent magnet 9, and the reluctance torque by the 
saliency of a rotator 6. 

[0022] If the example of a gestalt of this operation makes theta increase in theta<=6.7 degrees, 
torque will decrease compared with the theta= 1 .8-degree example of a comparison. Between 
magnetic poles is saturated for the leakage flux between magnetic poles of a permanent magnet 
7, and this thinks that there are few inflows of the armature reaction magnetic flux from a stator 
1 , and they are because the effectiveness of reluctance torque is small. 

[0023] If theta is made to increase by 25 degrees or more, the amount of magnetic flux by the 
permanent magnet 7 interlinked to a stator winding 3 decreases, if the reluctance torque itself is 
considered by current regularity, an upper limit will exist naturally and torque will decrease as a 
whole. 

[0024] However, in 6.7 degrees <= theta<=25 degrees, it checked in the experiment that the field 
where the saturation by the leakage flux between magnetic poles is canceled in since between 
magnetic poles becomes large, the effectiveness of reluctance torque becomes large, and torque 
becomes large compared with the example of a comparison existed. 

[0025] The measurement result of flux density distribution of the gap 5 at the time of no-load 
[ of the example of a gestalt of this operation and the example of a comparison ] is shown in 
drawing 5 . As measurement, the hall device was stuck on the rotator front face, from the 
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outside, it was made to rotate slowly and the rotator 3 was performed. 
[0026] Although the flux density distribution in the example of a gestalt of this operation is 
almost the same in the center section of the magnetic pole compared with the example of a 
comparison, it has decreased in the both-sides section. Although the amount of total magnetic 
fluxes decreases compared with the example of a comparison, it turns out that the wave-like 
configuration is distribution near a sine wave. Thereby, harmonic content decreases and cogging 
torque decreases. 

[0027] In order to confirm this numerically, it asked for the percentage to the fundamental wave 
of the flux density spectrum of the example of a gestalt of this operation, and the example of a 
comparison. This is shown in drawing 6 . The calculation approach of a flux density spectrum 
carried out the fourier expansion into series of the wave of drawing 5 , and searched for it. 
[0028] In the case of the example of a gestalt of this operation, drawing 6 shows that the 3rd 
more than higher harmonic which causes cogging torque compared with the example of a 
comparison is decreasing. 

[0029] The torque which a motor generates has a desirable sine wave without the harmonic 
content to which generate pulsating torque and iron loss is made to increase. The example of a 
gestalt of this operation is one of the technique put close to this ideal flux density distribution. 
[0030] The wave-like observation result of the cogging torque generated in the example of a 
gestalt and the example of a comparison of this operation in drawing 7 is shown. The measuring 
method of cogging torque links a motor with the motor for an external drive directly through a 
torque detector, rotates the motor for an external drive slowly, and measures the torque at that 
time. Drawing 7 shows that the pulsating width of face (the value which lengthened the minimum 
value from maximum, and a following P-P value are called) of the cogging torque of this example 
is small compared with the conventional example. Thereby, in the example of a gestalt of this 
operation, it turns out that cogging torque is reduced. 

[0031] In evaluating the cogging torque when making the value of theta of drawing 3 into a 
parameter, it is necessary to take the output of the motor into consideration. Then, the following 
formulas define the reduction ratio K of cogging torque. 
[0032] 

K=(Tctheta/Ttheta)/(Tcz/Tz) 

However, K: The reduction ratio of cogging torque (p. u.) 

Tctheta: Cogging torque (P-P value) [kg-cm] Tz of the example of a torque [kg-cm] 
Tczxomparison at the time of rating in case the angle between cogging torque (P-P value) [kg- 
cm] Tthetaimagnetic poles in case the angle between magnetic poles to make is theta to make is 
theta: The value of the torque of drawing 4 is used for rating-torque [kg-cm] Ttheta of the 
example of a comparison, and Tz. Cogging torque is able to be effectually reduced, so that the 
value of the reduction ratio K was small. 

[0033] The observation result of the reduction ratio of the cogging torque when making the value 
of theta of drawing 3 into a parameter at drawing 8 is shown. From drawing 8 , the reduction 
ratio of cogging torque becomes smaller than the example of a comparison at the time of 
1 .8<=theta<=23.3. In 1 5 <=theta, the reduction ratio of cogging torque becomes large for the 
torque at the time of rating decreasing. In order to reduce cogging torque from the example of a 
comparison, it is good to make it 1 .8<=theta<=23.3. 

[0034] Drawing 9 summarized the range of the include angle theta between magnetic poles which 
torque improves and cogging torque reduces by drawing 4 and drawing 8 . As for the include 
angle theta between magnetic poles which torque improves and cogging torque reduces from 
drawing 9 , considering as thetal <= theta<=theta 2 is optimal. These results are checked 
through the experiment mentioned above. 

[0035] Drawing 10 shows the cross section of the permanent magnet type dynamo-electric 
machine concerning the example of a gestalt of operation of the second of this invention. In 
addition, since the same sign was given to the same member as drawing 1 - drawing 2 , detail 
explanation of each part is omitted. Drawing 10 shows the permanent magnet type dynamo- 
electric machine of 4 pole 24 slot. 

[0036] Also in the permanent magnet type dynamo-electric machine of drawing 10 , although the 
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absolute values of a property differed as a result of performing the same measurement as the 
example of a gestalt of the first operation, it checked through the experiment that torque 
improved at the time of thetal <= theta<=theta 2, and cogging torque decreased. 
[0037] Moreover, although not illustrated besides the example of measurement shown in the 
example of a gestalt of this operation, measurement with the same said of the permanent 
magnet type dynamo-electric machine of 2 pole 6 slot, 2 pole 12 slot, 8 pole 24 slot, and 8 pole 
48 slot was performed. Consequently, although the absolute values of a property differ, when the 
include angle theta between magnetic poles is thetal <= theta<=theta 2, it is checking that 
torque improves and cogging torque can be reduced. 

[0038] Drawing 1 1 shows the cross section of the permanent magnet type dynamo-electric 
machine concerning the example of a gestalt of operation of the third of this invention. In 
addition, since the same sign was given to the same member as drawing 1 - drawing 2 , detail 
explanation of each part is omitted. By drawing 1 1 , a circular and inner circumference side 
replaces with a linear boiled-fish-paste form permanent magnet the periphery side shown in 
drawing 2 , and the periphery side and inner circumference side also shows the example using 
radiHike C form permanent magnet. Also in the permanent magnet type dynamo-electric 
machine of drawing 1 1 , improvement in torque and reduction of cogging torque can be aimed at 
like the example of a gestalt of the first operation mentioned above at the time of thetal <= 
theta<=theta 2. 
[0039] 

[Effect of the Invention] According to this invention, the include angle formed in the both ends 
and the center of rotation of the narrowest width-of-face section between the magnetic poles 
of each permanent magnet theta. When the include angle formed in the both ends and the center 
of rotation of the part which has countered the rotator through a gap in theta 1 and the teeth 
section of a stator core in the include angle formed in the both ends and the center of rotation 
of the side which has countered the rotator of slot opening of a stator core is set to theta 2, By 
considering as thetal <= theta<=theta 2, improvement in the motor efficiency by improvement in 
torque and reduction of cogging torque can be aimed at. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the direction of a revolving shaft of the permanent magnet 
type dynamo-electric machine concerning the example of a gestalt of operation of the first of 
this invention. 

[ Drawing 2] It is the A-A' sectional view of drawing 1 . 

[Drawing 3] It is the sectional view of the permanent magnet type dynamo-electric machine 
which is an example of a comparison with the permanent magnet type dynamo-electric machine 
of drawing 2 . 

[Drawing 4] It is drawing showing the relation of the include angle theta and torque characteristic 
which are formed between the magnetic poles of a permanent magnet in the center of rotation. 
[Drawing 5] It is drawing showing the measurement result of flux density distribution of the gap 
at the time of no-load [ of the example of a gestalt of the first operation, and the example of a 
comparison ]. 

[Drawing 6] It is drawing showing the percentage of the flux density spectrum of the gap of the 
example of a gestalt of the first operation, and the example of a comparison. 
[Drawing 7] It is drawing showing the wave-like observation result of the cogging torque 
generated in the example of a gestalt and the example of a comparison of the first operation. 
[Drawing 8] It is drawing showing the reduction ratio property of cogging torque over the include 
angle theta formed between the magnetic poles of the permanent magnet of the example of a 
gestalt of the first operation in the center of rotation. 

[Drawing 9] It is an explanatory view showing the range of the include angle theta formed 
between the magnetic poles of the permanent magnet of the example of a gestalt of the first 
operation in the center of rotation. 

[Drawing 10] It is the sectional view of the permanent magnet type dynamo-electric machine 
concerning the example of a gestalt of operation of the second of this invention. 
[Drawing 1 1] It is the sectional view of the permanent magnet type dynamo-electric machine 
concerning the example of a gestalt of operation of the third of this invention. 
[Description of Notations] 

1 [ — An end bracket, 5 / — A gap, 6 / — A rotator, 7 / — A punching hole. 8 / — A rotor 
core, 8a, 8b / — An end plate, 9 / — A permanent magnet, 10 / — A revolving shaft, 1 1a ( 
1 15b / — Bearing, 12 / — A frame, 15 / — A stator slot, S / — Rotational core ] — A stator, 2 
— stator core, 2a — The teeth section, 3 — A stator winding, 4a, 4b 
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[Drawing 1] 

El 1 




[Drawing 3] 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgLejje 



2007/05/07 



JP,2000-333391,A [DRAWINGS] 



2/5 V 




[Drawing 4] 




[Drawing 5] 



m 5 




[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawin g 10] 

m 10 
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